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We estimated the prevalence of astrovirus, sapovirus, and norovirus among patients enrolled in research proto-
cols and receiving medical care at the Clinical Center of the National Institutes of Health, Bethesda, MD, a clinical
research hospital with a large immunocompromised patient population. We identified patients whose fecal
specimens were submitted to the Clinical Center for testing on the Biofire FilmArray Gastrointestinal Panel
from September 15, 2015 through November 30, 2016. Among 442 patients with fecal specimens submitted
for multiplex testing, 11% had norovirus identified, 2% had astrovirus, and 2% had sapovirus. Like norovirus,
astrovirus was detected in multiple sequential samples from a single patient, consistent with chronic infection
or the occurrence of multiple reinfections. Coinfection with non-viral gastrointestinal pathogens was detected
in 31% of patients with positive results for norovirus, astrovirus, or sapovirus. Norovirus remains common in
this immunocompromised patient population, and both sapovirus and astrovirus are present.

© 2018 Published by Elsevier Inc.

1. Introduction

Norovirus is nowconsidered the primary viral causative agent of acute
diarrhea (Lopman et al., 2016; Verstraeten et al., 2016, 2017). Astrovirus,
a member of the family Astroviridae, and sapovirus, a member of the
family Caliciviridae, are also known viral causes of acute gastroenteritis
(AGE); however, the prevalence of these agents in immunodeficient
populations has not been well described. Two large studies of pediatric
and adult outpatients in managed-care organizations in multiple regions
of the United States found norovirus in 4–6% of fecal samples submitted
for routine clinical testing, and sapovirus and astrovirus in 1–2% of these
(Grytdal et al., 2016; Hall et al., 2011). The estimated community inci-
dence was 65–152.2 per 1000 person-years for norovirus, 9–22.5 per
1000 person-years for sapovirus and 8.5–18 per 1000 person-years for
astrovirus (Grytdal et al., 2016; Hall et al., 2011).

While infections with norovirus, astrovirus, and sapovirus are self-
limiting in immunocompetent patients, chronic excretion of all of
these viruses has been reported among immunodeficient patients
(Osborne et al., 2015; Roos-Weil et al., 2011; Wunderli et al., 2011).
Estimates of the prevalence of sapovirus and astrovirus for immunode-
ficient patients are limited, and available only for pediatric populations.

One study at a tertiary care children's hospital found that for immuno-
compromised patients, 15% were positive for norovirus and 5% for
astrovirus (no sapovirus was detected), similar to the general patient
population of the same hospital (Osborne et al., 2015). A study of pre-
dominantly immunocompromised pediatric patients at a tertiary care
hospital in the UK found similar rates of 10% for norovirus, 1% for
astrovirus, and 6% for sapovirus (Brown et al., 2016).

The implementation of the BioFire FilmArray Gastrointestinal (GI)
Panel for detection of GI pathogens at the National Institutes of Health
Clinical Center has allowed for detection of these viruses in all fecal
samples sent for testing as part of routine clinical care. The multiplex
FilmArray panel provides simultaneous detection of 22 different enteric
pathogens directly from fecal specimens (Spina et al., 2015). To assess
the impact of this new testingmethod on the detection of less prevalent
GI pathogens, we analyzed data from patients enrolled in research pro-
tocols and receiving medical care at the Clinical Center. The objective of
this study was to estimate the prevalence of astrovirus, sapovirus, and
norovirus in this immunocompromised population among patients
whose fecal samples were submitted for diagnostic testing, as well as
to describe chronic excretion and coinfections.

2. Materials and methods

We identified all patients for whom fecal specimenswere submitted
to the Clinical Center for testing on the FilmArray between September
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15, 2015 and November 30, 2016, and who had norovirus, sapovirus,
astrovirus, adenovirus, or rotavirus identified. The NIH Clinical Center
is a clinical research hospital, where all patients are enrolled in IRB-
approved protocols and many are immunocompromised, through
either primary or acquired immunodeficiency conditions, or secondary
to immunosuppressive therapy for conditions such as hematologic
malignancies and solid tumors (Bok et al., 2016). This retrospective
analysis was conducted as part of a quality improvement study for the
hospital following the implementation of the FilmArray panel and was
determined to be exempt from IRB review by the NIH Office of Human
Subjects Research Protections.

For all patients testing positive for these viruses, data on primary
diagnosis, underlying immunodeficiency, immunosuppressive medica-
tion in the 30 days prior to testing, coinfecting pathogens detected by
the multiplex panel, and selected clinical features were abstracted
from medical records. Medications considered immunosuppressive
included corticosteroids, anti-T-cell agents, TNF inhibitors, and other
immunosuppressivemonoclonal antibodies (S1 Table). Clinical features
were compared between viruses and statistical significance was
assessed at P b 0.05 using Fisher's exact test. Chronic excretion was de-
fined as more than one positive test for a given virus greater than
30 days apart. As this diagnostic method does not allow for genotyping
of strains, these sequential positive tests may represent chronic excre-
tion of a single strain or reinfection with the same virus.

3. Results

Over the study period, 932 fecal samples from 442 patients were
tested on the FilmArray. Of these 442 patients, 48 (11%) tested positive
for norovirus, 11 (2%) tested positive for sapovirus, and 7 (2%) tested
positive for astrovirus (Table 1). No patients tested positive for either
adenovirus or rotavirus. One of these patients had a sample that tested
positive for both sapovirus and norovirus, and one tested positive for
astrovirus and sapovirus in separate samples, for a total of 64 study
patients. The median age of the virus-positive study patients was
33 (range 3–79), with 1 (2%) patient aged b5 years and 10 (16%) be-
tween 5 and 18 years (Table 2). At the time of their first positive result,
33 (54%) were inpatients. Of the 63 patients with available symptom
data, most patients presented with diarrhea (58, 92%), while approxi-
mately half presented with nausea/vomiting (32, 51%) and abdominal

pain (34, 54%). No significant differences in symptoms were seen
by virus.

Overall, 58 (91%) of 64 patients were immunocompromised due to a
primary immunodeficiency (PID), human immunodeficiency virus/
acquired immunodeficiency syndrome (HIV/AIDS), a hematologic
malignancy, or immunosuppressive medication, including 43 (74%)
of 48 norovirus-positive patients, 7 (100%) of 7 astrovirus-positive
patients, and 10 (91%) of 11 sapovirus-positive patients (Table 2). Of
the 64 study patients, 35 (55%) patients had a PID; the most common
PIDs were Common Variable Immune Deficiency (10/34, 29%) and
X-linked Severe Combined Immune Deficiency (6/34, 18%). Hemato-
logic malignancies were diagnosed in 20 (31%) patients, 39 (61%)
had received immunosuppressive medication, and 3 (5%) patients
were diagnosed with HIV/AIDS.

Among norovirus patients, 16 (33%) of 48 were identified with
chronic excretion, with a median duration of 189 days (range 72–372;
Table 1). Of these 16 patients, 15 were known to be immunocompro-
mised due to one or more causes: 12 patients were diagnosed with
PIDs, 4 had hematologic malignancies, and 3 had received immunosup-
pressive therapy. Of 7 astrovirus-positive patients, one had evidence of
chronic excretion (132 days between positive samples). This patient
was diagnosed with myelodysplastic syndrome and was receiving
immunosuppressive therapy following a stem cell transplant. No
sapovirus-positive patient had evidence of chronic excretion.

Coinfection with a non-viral pathogen was detected in at least one
fecal sample from 20 (31%) of 64 patients, including 16 (33%) of 48
norovirus-positive patients, 2 (29%) of 7 astrovirus-positive patients,
and 2 (18%) of 11 sapovirus-positive patients (Fig. 1). The twomost com-
monly detected coinfecting pathogens were C. difficile and enteropatho-
genic E. coli (EPEC). Of 11 pediatric patients, 6 (55%) had coinfections,
compared with 14 (26%) of 53 adult patients. However, this difference
was not statistically significant.

4. Discussion

The prevalence of norovirus, astrovirus, and sapovirus found in
this primarily immunocompromised patient population is similar to
previous reports in adult populations. The prevalence of norovirus is
slightly higher, at 11% compared to 4–6%, while the prevalence of
astrovirus and sapovirus is 2% each, within the range of 1–2% in other
studies (Grytdal et al., 2016; Hall et al., 2011). These estimates are also
similar to the two published reports in pediatric immunocompromised
patient populations, which found a prevalence of 10–15% for norovirus,
and a prevalence of ≤6% for astrovirus and sapovirus (Brown et al., 2016;
Osborne et al., 2015). These results indicate that sapovirus and
astrovirus, although less common than norovirus, are important to the
etiology of AGE in immunocompromised patients.

The high rate of coinfection (31%) found in this study is consistent
with previous laboratory-based studies using the FilmArray, which
have found rates of multiple pathogen detection of approximately 30%
(Spina et al., 2015; Stockmann et al., 2016). The high prevalence of

Table 1
Prevalence and chronic excretion of norovirus, astrovirus, and sapovirus among 442 pa-
tients tested at the National Institutes of Health Clinical Center between September 15,
2015 and November 30, 2016.

Norovirus Astrovirus Sapovirus

Prevalence (of 442 patients tested) – n, (%) 48 (11) 7 (2) 11 (2)
Patients with chronic excretion – n (%) 16 (33) 1 (14) 0 (0)
Days of chronic excretion –median (range) 189 (72–372) 132 NA

NA = not applicable.

Table 2
Demographics and comorbidities.

All patients, n = 64⁎ Norovirus, n = 48 Astrovirus, n = 7 Sapovirus, n = 11

Age – median (IQR) 33 (23–46) 34 (22–46) 29 (23–55) 28 (23–40)
Inpatient – no. (%) 33 (52) 24 (50) 3 (43) 6 (56)
Diagnosed with a PID – no. (%) 35 (55) 30 (63) 2 (29) 4 (36)
Hematopoietic stem cell transplant – no. (%) 27 (42) 17 (35) 6 (86) 6 (55)
HIV/AIDS – no. (%) 3 (5) 1 (2) 1 (33) 1 (9)
Hematologic malignancy – no. (%) 20 (31) 14 (30) 4 (57) 3 (27)
Immunosuppressive medication – no. (%) 39 (61) 26 (54) 6 (86) 9 (82)
Immunocompromised† – no. (%) 58 (91) 43 (74) 7 (100) 10 (91)

PID = Primary immunodeficiency; HIV/AIDS = Human immunodeficiency virus/acquired immunodeficiency syndrome.
⁎ All patients positive for norovirus, astrovirus, or sapovirus; includes one patient with a sample positive for both norovirus and sapovirus, and one patient who tested positive for

astrovirus and sapovirus at separate points during the study period.
† Due to PID, HIV/AIDS, immunosuppressive medication, or hematologic malignancy.
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